ABSTRACT OBJECTIVE: Administrative health databases are increasingly used to conduct population-based health research and surveillance; this has resulted in a corresponding growth in studies about their quality. Our objective was to describe the characteristics of published Canadian studies about administrative health database quality.
C anada has one of the richest collections worldwide of electronic health databases, including administrative health databases, clinical registries, electronic medical records, and health surveys. 1, 2 The number of studies that use electronic health databases for research and surveillance about population health, health service use, and the determinants of health, is rapidly increasing, as are the variety of available databases and number of cross-provincial investigations. In this study, we focus specifically on administrative health databases, which include hospital records, physician billing claims, population registries, and prescription drug records. Administrative health databases have long been used for chronic and infectious disease research and surveillance and are the foundation for such initiatives as the Canadian Chronic Disease Surveillance System (CCDSS) and the Canadian Network of Observational Drug Effect Studies (CNODES). 3, 4 Administrative health databases were originally created for health care management and monitoring functions, such as remunerating physicians. Although these databases were not originally designed to be used for research and surveillance, they contain a rich source of information that is now routinely used for these purposes. 5, 6 Therefore a central question underlying studies that use administrative health databases is "Are the data of good quality for their intended use?" Given that administrative data are often used in epidemiological and public health research, it is important to conduct data quality studies so researchers are kept informed about the strengths and limitations of the data, and can then take steps to produce unbiased results by minimizing selection bias and measurement error. These efforts support good decision making about health and health care use. Data quality is a broad concept that is both relative and multidimensional. 7 One comprehensive definition is "the totality of features and characteristics of a data set that bear on its ability to satisfy the needs that result from the intended use of the data". 8 The multidimensional nature of data quality is evident in conceptual frameworks developed by national/provincial agencies and organizations that either generate or use electronic health databases for research and surveillance. For example, Canadian Institute for Health Information's (CIHI) data quality framework
The latter concept refers to the ability to bring together data from different sources; for example, coherence can be achieved by using common methods across surveys or standardized coding systems across time or geography. The Manitoba Centre for Health Policy (MCHP) and the Institute for Clinical Evaluative Services (ICES) have also produced data quality frameworks. 5, 11 The measurement of these data quality concepts is addressed in the frameworks. Currently, there is no summary of recent Canadian administrative health data quality studies that could inform future research in this field. Our objective was to review existing research that has described the quality of Canadian administrative health databases, and to examine the characteristics of data quality studies using these frameworks as a guide. 12 Our goal was to identify gaps in existing research and pinpoint new opportunities to evaluate and improve our understanding of administrative health database quality.
METHODS

Data source
A scoping review was conducted; it was based on a comprehensive literature search of published peer-reviewed and non-peer-reviewed Canadian studies. We searched two electronic citation indicesPubMed and Scopus -using two groups of search terms about administrative data and data quality concepts (see Table 1 ) linked with Boolean operators. Canadian studies were identified by specifying "Canada" as the affiliation country of the author(s).
We also searched for relevant publications using Google Advanced, in the reference lists of the included articles, and on websites of relevant national and provincial organizations and agencies (Table 1) . The review was limited to studies published between 2004 and 2014 because a review of data quality studies conducted prior to 2004 has already been published. 13 
Selection and data abstraction
One investigator (AH) reviewed all of the publications identified via the literature search. The second author (LL) reviewed a 30% sample of the articles to ensure that the inclusion and exclusion criteria were consistently applied and that the information abstracted was correctly classified. A publication was excluded if the data source that was evaluated was not an administrative health database or if it was not classified as a study about data quality. In this review, administrative health data sources included health insurance registries, hospital discharge abstracts, physician billing claims, emergency department records, electronic medical records, and drug and vaccine information systems.
14 Disease-specific registries were also included. Only electronic data sources were included in this review. Data abstracted from each publication retained in the scoping review were systematically recorded in a database. Data included publication year and type of publication (i.e., peer-reviewed, nonpeer reviewed). The geographic origin of the database(s) and type of database(s) evaluated in each publication were noted.
Publications were classified as validation studies or "other" studies. Validation studies examine the accuracy of diagnoses, procedures, or other health measures by comparing them to another, unbiased data source. 15 Validation studies were categorized as ecological, reabstraction, or reference standard using van Walraven and Austin's (2012) criteria. 16 Ecological studies compare statistics about event rates calculated from administrative data with rates obtained from a valid data source. Re-abstraction studies involve a re-collection of data from the original source (i.e., patient chart); the re-abstracted data are compared with the administrative data to assess validity. 17 Reference standard validation studies compare study data to an error-free reference standard data source, such as clinical criteria, a panel consensus review, or medical charts. 15 Studies categorized as "other" included all data quality studies that were not classified as validation studies, such as those that examined the feasibility of linking databases. The data quality concept(s) that were the focus of the study were noted, specifically correctness/reliability, completeness and serviceability. These data quality concepts were selected from the CIHI, PHAC, MCHP, Statistics Canada and ICES data quality frameworks. All of the data quality frameworks include accuracy, a multicomponent concept which involves correctness/reliability and completeness. Serviceability is an element of PHAC's data quality framework, which includes linkability and temporal consistency found in other data quality frameworks.
For validation studies, the element of the data for which validity was evaluated (i.e., diagnosis codes, intervention or procedure codes, algorithm or case definition, other measure) was noted. The health condition(s) of interest in the quality evaluation were classified as: chronic physical health condition (e.g., diabetes, chronic obstructive pulmonary disease, cancer), acute physical health condition (e.g., acute coronary syndrome, acute myocardial infarction), mental health condition (e.g., depression, 
SYNTHESIS
More than 3,000 peer-review publications and non-peer-review publications were identified via searches of the citation indices and organizational websites. There was a high degree of consistency between the two authors (AH and LL) in applying the inclusion/ exclusion criteria and in categorizing the abstracted information. Figure 1 is a PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart that shows the number of articles included and excluded at each stage of the review process. Articles were excluded for various reasons: the data source under review was not an electronic administrative database (e.g., medical charts), [18] [19] [20] the data were not from Canada, 21, 22 or the article was a summary of other literature. 23, 24 Four articles were excluded because the abstract and article were not published in English (two in French, one in Spanish and one in German). A total of 156 publications were retained, of which 144 (92.3%) were peerreviewed publications and 12 (7.7%) were non-peer-reviewed publications (see Supplementary Table 1 in the ARTICLE TOOLS section on the journal site).
Year of publication and geographic origin of the database(s) Validation studies Type of Study, Study Design, and Data Quality Concepts
Overall, 96.8% of the publications were classified as validation studies. The majority of these validation studies used a reference standard study design (83.4%), although ecological (15.9%), and re-abstraction (6.0%) studies were also identified. The majority (75.0%) of the non-peer-reviewed publications were re-abstraction studies. Among the validation studies, 95.4%, 9.3% and 6.0% addressed the correct/reliable, complete, and serviceable data quality concepts respectively.
Databases Validated
Hospitalization (70.2%), physician billing claims (60.3%) and emergency department records (17.9%; Table 2 ) were the most commonly validated databases. Frequently, multiple data sources were validated simultaneously (i.e., 46.4% validated one data source, 25.8% validated two data sources, and 27.8% validated three or more data sources). When multiple databases were validated, one was usually the hospitalization database. Medical charts were the most common reference standard data source (53.2%). However, clinical registries, self-report data from the National Population Health Survey and Canadian Community Health Survey, and electronic medical records were also used as the reference standard. 25 
Subject of Validation
More than one half of the validation studies conducted an investigation of a disease algorithm or case definition (53.0%), Figure 2 . Number of Canadian data quality publications by year and region of the database while almost one quarter (23.2%) investigated diagnosis codes and 10.6% investigated intervention or procedure codes. Case definitions were often based on diagnoses identified in multiple data sources (e.g., hospital discharge abstracts and physician billing claims; see Table 2 ).
Health Condition Validated
Chronic physical conditions were most commonly validated, including asthma, cancer, diabetes, hypertension, ischemic heart disease, osteoporosis, chronic obstructive pulmonary disease, epilepsy, irritable bowel syndrome, and the human immunodeficiency virus. Often multiple disease case definitions were examined; for example, Marrie et al.'s study validated case definitions for hypertension, hyperlipidemia and diabetes among individuals with multiple sclerosis. 26 As another example, Cadieux and Tamblyn focused on several different types of acute respiratory infections. 27 Other elements of administrative data were validated;
Monfared et al. used medical claims to estimate hospital length of stay (using hospital data as the reference standard) and DeCoster et al. examined the accuracy of surgical wait times.
28,29
Data Quality Measures
Sensitivity and PPV were the most common measures of validity, used by 64.2% and 58.3% of validation studies respectively. Specificity and NPV were also used frequently. Kappa was used when neither data source was considered the reference standard. A follow-up analysis of the characteristics of these validation studies by the geographic region of the study databases was conducted (see Supplementary Table 2) .
"Other" studies Only 3.2% of the studies were not classified as validation studies. Among these studies, different data quality topics were investigated (i.e., completeness and serviceability) and all used basic descriptive statistics (i.e., percentages, averages) to analyze the data. For example, Cunningham et al. examined the face validity of the physician billing claims database by examining the average number of claims per physician within a three-month period, and the average number of unique diagnosis codes by physician specialty and by payment method (i.e., fee-for-service, salaried). 30 Alshammari and Hux focused on the completeness of diabetes prevalence estimates from administrative databases, considering the effect of alternate methods of physician payment on the use of physician billing claims databases to ascertain diabetes cases. 31 Metcalfe et al. examined the feasibility of linking several databases to identify a cohort of pregnant women based on the date of conception (rather than the date of birth) in order to capture fetal loss. 32 Li et al. examined the accuracy of linking three databases (vital statistics, population registry, hospital discharge abstracts) using different combinations of common identifiers. 33 
DISCUSSION
We found the number of data quality publications on administrative health databases in Canada increased over time, with 156 publications in an 11-year period being included in this scoping review. Hospitalization and physician billing claims data were the most common validated databases; however, the diversity of data sources that are being evaluated is increasing. Most studies using national-level data were undertaken by CIHI. CIHI employs a set of quality control measures to ensure high-quality hospitalization data, including applying 900 data element edits to each abstract and examining relationships between data elements. 34 Most of the studies included in the scoping review were classified as validation studies and examined correctness. The majority used a reference standard approach, commonly using medical charts as the reference standard, though clinical registries and surveys were also used. Disease algorithms/case definitions, often for chronic conditions, were the most common subjects of investigation, which is consistent with findings from Roos et al.'s literature review. 13 Diagnostic codes and other measures, such as comorbidity indices, were also frequently examined. Sensitivity and PPV were the most common validity measures, which is also consistent with other reviews of administrative health data quality. 35, 36 There are a number of gaps in the current body of Canadian studies validating administrative health data. First, the majority of the studies examined databases from Alberta and Ontario. There have been no data quality studies focused solely on provincial/ territorial-level data from New Brunswick, Prince Edward Island, the Northwest Territories and Nunavut; however, these jurisdictions are included in some national studies. Also, there is a lack of peer-reviewed studies involving data from multiple provinces/territories. Thus, there may be disparity in data quality knowledge across Canada which could have a negative impact on cross-jurisdictional initiatives. More than a decade ago, Kephart noted the difficulty in accessing and analyzing administrative 
QUALITY OF ADMINISTRATIVE DATABASES
health databases in multiple provinces. 37 Efforts to improve access should increase the number of multi-jurisdictional studies. Second, there were very few publications that reported on the quality of electronic medical records, the Resident Assessment Instrument Minimum Dataset (RAI-MDS), 38, 39 or population registries. Electronic medical records are used in primary care settings to record and electronically store patient health information, including medical histories, laboratory results and prescriptions, and are increasingly being used for research and surveillance. 40, 41 The RAI-MDS is a standardized tool used to assess residents of long-term care facilities and the information collected is used to create quality-ofcare indicators. 42 Population registries capture demographic and residence location information about health insurance beneficiaries and are of central importance to all population-based investigations. Roos et al. recommended that data quality studies about population registries focus on identifiers of client residence location, including those that can be used to track client location over time; the quality of residence location information is important for studies about area-based socio-economic factors and geographic determinants of health and health care use. 13 Third, for each study we determined which data quality concept(s), from the CIHI, PHAC, Statistics Canada, MCHP and ICES data quality frameworks, were applied. Most publications investigated correctness (diagnostic accuracy, bias, measurement error); few publications examined other facets of data quality, including the completeness of a database (coverage, amount of missing information) and serviceability (i.e., linkability of data sources, consistency over time). Thus, there is a need for more data quality studies examining these data quality concepts to enhance the growing body of knowledge in this field. For example, we support Roos et al.'s recommendation for more studies about the completeness and comparability of administrative data for capturing prescription dispensations. 13 Such studies would be useful because changes in provincial formularies, the list of prescription drugs covered by health insurance benefits, may affect the usefulness of the data for longitudinal studies of drug exposures.
There is no consistently used reference standard data source in validation studies that used a reference standard design; choosing an appropriate one is challenging and may vary depending on the purpose of the study. 43 Variations in findings across validation studies may be partly explained by differences in the reference standard. 36, 44 Last, there is a dearth of studies that have validated methods for identifying individuals with mental health and acute health conditions using administrative health data. In some jurisdictions, multiple coding systems are used (i.e., ICD-9-CM, ICD-10-CA). Few studies have assessed the accuracy of diagnosis codes or case definitions across coding systems. 36 
Limitations and strengths
This scoping review has some limitations. We only reviewed articles written in English; however, there were only four studies published in a different language. Moreover, 15.2% of the validation studies included in our scoping review were published in English and validated administrative health databases from Quebec, a predominantly French-speaking province. We did not compare the data quality studies conducted on Canadian data with those conducted on administrative health databases from other countries, information that might have helped to provide some context to identify gaps in the data quality research literature. The scoping review did not encompass all types of electronic health databases; we focused on administrative health databases because they are so widely used. The strengths of this study are the comprehensive search of both peer-reviewed and non-peerreviewed publications, and the wide range of information that was collected from each publication.
A future scoping review could extend the current one by including administrative health data quality studies from other countries to do a cross-country comparison. Additionally, a future review could evaluate the extent to which administrative health data quality studies evaluate other data quality concepts included in the various data quality frameworks, such as usability and timeliness.
CONCLUSIONS
This scoping review identified numerous gaps in the Canadian administrative data quality literature and identified opportunities to enhance or improve it. Administrative data have multiple usespatient care, administrative functions, surveillance, and conducting of policy-relevant research, upon which decisions about population health and health services are made. 45 Efforts to address these gaps will increase our understanding of the strengths and limitations of these data for all their uses. 
